Short Abstract -The bacterial kingdom exhibits a wide variety of cell shapes and sizes. The shapes of these cells are crucial for their lifestyle. Over the past few years we have developed an image-processing framework that allows us to extract precise 3D shapes of bacterial cells from fluorescence microscopy data. From these xyz coordinates, we calculate geometric parameters such as local curvatures, surface areas, and the relative enrichment of fluorescent signals. Using this framework, we measured the geometric localization of various bacterial proteins responsible for establishing and maintaining the characteristic shape of various Gram negative bacteria.
I. 3D CELL SHAPE DETERMINATION
ACTERIAL shapes are beautiful to observe and important for how the cells acquire nutrients, navigate hazards and even reproduce [1] . Because many microbes are roughly 1 µm, quantitative characterizations of bacterial shape have been difficult.
Our reconstruction algorithm seeks to utilize our understanding of the entire optical acquisition process to estimate the full 3D shape of individual bacterial cells. The approach uses active meshes to minimize the difference between an observed Z-stack and model shapes that have been convolved with the experimental point spread function [2] . From these xyz coordinates, we calculate geometric parameters such as local curvatures, surface areas, and the relative enrichment of fluorescent signals. This method generates reconstructions for a variety of bacterial sizes and shapes including rods, vibriods and spiral bacteria that are accurate to better than 50 nm [2] .
II. MAINTENANCE OF STRAIGHT RODS BY MREB
As one example case for a particular fluorescent signal, we have been studying the localization of the bacterial actin Acknowledgements: Funding provided by by NIH R01-GM107384 to ZG; and NSF CAREER PHY-0844466 to JWS. Additional sources of funding include: the Glenn Foundation (BPB, JN), NIH F32-GM103290 (RMM), an NSF graduate research fellowship (TMB), and NSF PoLS SRN (JN). 1 Department of Molecular Biology, Princeton University. E-mail: bratton@princeton.edu, zgitai@princeton.edu 2 Lewis-Sigler Institute for Integrative Genomics, Princeton University. Email: shaevitz@princeton.edu 3 Department of Microbiology, Oklahoma State University. Email: randy.morgenstein@okstate.edu homolog, MreB. Along with our previous work on the cell shape role of MreB polymers [3] and MreB rotation [4] , here we show that MreB localizes based on local Gaussian curvature. This curvature sensing mechanism helps ensure rod-like growth of the cell and helps prevent branching. Gaussian curvature is the product of the two principal curvatures, something which can only be measured using a fully three dimensional notion of cell shape.
III. CURVATURE GENERATION IN VIBRIO CHOLERAE
While MreB localizes to regions of nearly zero-Gaussian curvature to ensure the straight rod morphology of E. coli, our framework also allows us to investigate more complex shapes like the curved rods of Caulobacter crescentus and Vibrio cholerae. In cholera, we discovered the first known curvature determinant (CrvA) [5] . Deleting crvA results in cells that form straight rods and are less pathogenic than their curved counterparts. This has also been observed for deletions of cell shape determinants in other curved pathogens such as Helicobacter pylori [6] .
Using our 3D image processing framework, we were able to show that CrvA localizes to the surface of negative Gaussian curvature. We developed a new assay to study the cell biological mechanism by which CrvA acts, Quantitative Analysis of Sacculus Architectural Remodeling (QuASAR) [5] . Along the inner curve, where CrvA is localized, the insertion rate constant of new cell wall material is lower than along the outer curve. This asymmetry in growth rates, when combined with exponential growth of the cell, leads to cells which dynamically change their curvature.
